With lengthening of new energy vehicles' service life, the decommissioning amount of traction batteries is on an annual increase. Recycling of waste and old traction batteries has gained growing attention from the national government and the industry. Rational and accurate prediction of traction battery decommissioning amount is of vital importance to recycling of traction batteries. Based on the actual production data and market survey results of new energy vehicles and traction batteries, a traction battery decommissioning amount prediction model is built according to different vehicles models. The model can be used to analyze and predict the decommissioning amount of traction batteries in China and provide references for recycling management and industrial layout of traction batteries.
INTRODUCTION
With the worsening situation of energy, resources and environment, the development of new energy vehicles has become one of the important directions for the global sustainable development of the global automotive industry [1] . At present, China's new energy vehicle production and sales have risen rapidly and it has become the world's largest new energy vehicle market. By 2017, its vehicle possession exceeded 1.5 million [2] . With the rapid development of new energy vehicles, the production and sales of traction batteries as key components have also increased rapidly. With the increase in the service life of new energy vehicles in the early stage, China will usher in the peak period of decommissioning of traction batteries [3] . The Chinese government attaches great importance to the recycling of traction batteries and encourages the comprehensive utilization of decommissioned traction batteries [4] [5] . At present, there have been many studies on the prediction of new energy vehicle production and sales, traction battery supporting amount, and vehicle scrapping amount. However, there are few predictions for the decommissioning amount of traction batteries, especially the lack of actual data analysis and prediction. However, the evaluation of decommissioning amount of traction batteries is one of the key steps in the recycling of traction batteries. 2020 marks a key year for China's new energy vehicle development and traction battery recycling management. This paper will use the actual production data of new energy vehicles and traction batteries over the years, based on the output of new energy vehicles, the warranty period of traction batteries and market use, to establish prediction model, analyze and predict the cumulative decommissioning amount of traction battery in 2020 so as to provide reference for the formulation of relevant policies for traction battery recycling and enterprise industrial planning.
ANALYSIS OF THE SUPPORTING AMOUNT OF TRACTION BATTERY OVER THE YEARS
The supporting amount of traction battery is closely related to the output of new energy vehicles. The new energy vehicles referred to in this paper include battery electric vehicle and plug-in hybrid vehicles. Table 1 counts the output of new energy passenger vehicles and commercial vehicles with supporting traction batteries from 2008 to 2017. It can be seen from the table that early new energy vehicles were mainly commercial vehicles. In later phase, new energy passenger vehicles were gradually increasing. In the latest two years, it presented coordinated development.
TABLE Ι. OUTPUT OF NEW ENERGY VEHICLES EQUIPPED WITH TRACTION BATTERIES OVER THE YEARS (VEHICLES).
The traction battery system is composed of battery cell, battery management module and corresponding auxiliary components. In order to accurately predict the mass of the battery that can be actually used, this paper will use the battery cell mass as the basis for the battery decommissioning mass prediction. Based on the output of new energy vehicles, vehicle model, the assembly number of battery cell of single vehicle, and the rated mass of the battery cell, the total mass of the traction battery over the years is calculated. The calculation method is shown in Eq. 1. Different battery cells, the number of modules and the series-parallel connection vary and the total storage capacity of the battery system also varies. This paper will use the total storage capacity of the traction battery to predict the decommissioned storage capacity of the traction battery. Based on the new energy vehicle output, vehicle model, and total energy storage capacity of the energy storage device, the total traction of the traction battery in the past years is calculated. The calculation method is shown in Eq. 2.
Where, i E -the total supporting electric quantity of the traction battery in the ith year; i e -The total storage capacity of the energy storage device of single vehicle in the i-th year.
Based on the Eq. 1 and the Eq. 2, the statistical results of the supporting amount of the traction battery of the new energy passenger vehicle and the commercial vehicle over the years are shown in Fig. 1 . It can be seen from the table that the traction battery of new energy commercial vehicles accounts for a large proportion. In recent years, most of the used traction batteries of new energy commercial vehicles will be decommissioned. 
PREDICTION OF TRACTION BATTERY DECOMMISSIONING AMOUNT OVER THE YEARS
The service life of the traction battery is a key factor in the prediction of the decommissioning amount of the traction battery. The warranty period is an important reference for the service life of the traction battery. This paper will calculate the service life of the traction battery based on the average warranty period of the new energy vehicle traction battery. Taking the passenger vehicle as an example, the calculation formula of the average warranty period is as shown in Eq. 3. Based on the actual data calculation, it can be seen that the average warranty period of the traction battery of the passenger vehicle is about 6 years, and the commercial vehicle is about 5 years. Therefore, the warranty period of the traction battery of the passenger vehicle is 6 years, and the warranty period of the traction Table 2 . A survey of a number of new energy vehicle manufacturers with high market share shows that the service life of new energy passenger vehicles is generally more than 10 years. Combined with the battery warranty period, this paper takes the decommissioning period of passenger vehicles as 12 years; The service life of the vehicle is generally lower than that of the traditional commercial vehicle. In combination with the decommissioning period of the commercial vehicle shown in Table 2 , the commercial vehicle decommissioning period are set to be 10 years.
A study by Lawrence Berkeley National Laboratory found that when 20% of the capacity of new energy vehicle traction batteries is missing, it will not have a substantial impact on the use of ordinary car owners, because most of the car owners' daily commuter driving needs are less than 64 kilometers; when the traction battery capacity of new energy vehicles is less than 80%, it can still meet the driving needs of 85% of the owners. When the capacity is 50% missing, it can meet the driving needs of 80% of the owners. Even with only 30% of the capacity, it can also meet the daily commuter driving needs of more than 50% of the owners [6] .
Based on the above research results and the actual use of new energy vehicles, the traction battery decommissioning prediction is based on the following assumptions:
(1) The decommissioning period of new energy passenger vehicles is 12 years, and the decommissioning period of new energy commercial vehicles is 10 years.
(2) When the passenger car is used until the battery warranty period is 6 years, the traction battery will be decommissioned and replaced with a new battery. The second supporting battery will be decommissioned with the vehicle, and the battery will be replaced once only before the vehicle is decommissioned. Considering more frequent vehicle usage during the warranty period, higher requirements of users on the battery and demand to replace the battery when the warranty period is not reached; as well as traffic accident that leads to decommissioning in advance, this paper assumes that when the passenger car battery is used for 5 years, 15% of the battery needs to be decommissioned. TABLE 
DECOMMISSIONING PERIOD OF SOME MODELS (YEARS).
(3) When the commercial vehicle is used until the battery warranty period is 5 years, the traction battery will be decommissioned and replaced with a new battery. The second supporting battery will be decommissioned with the vehicle and the battery will be replaced once only before the vehicle is decommissioned. Considering more frequent vehicle usage during the warranty period, complex commercial vehicle operating conditions, high battery performance requirements and the demand to replace the battery when the warranty period is not reached; as well as traffic accident or battery replacement made in advance for cascades use, which require early decommissioning, this paper assumes that 30% of the batteries will be decommissioned when the commercial vehicle battery is used for 4 years.
(4) Vehicles with decommissioned battery during the life of the vehicle need to be reassembled with new batteries. The newly assembled batteries will be scrapped together when the vehicle is scrapped.
Prediction of Decommissioning Amount of Commercial Vehicle Traction Battery
Based on the assumptions of this paper, the new energy commercial vehicle will be decommissioned by 30% after the service life (10 years) and replaced with second original battery. The remaining 70% of traction battery will be all decommissioned when it is used until the 5th year and replaced with the original battery. The first four years of battery decommissioning amount in the prediction year is the original number of batteries 4 years ago. Starting from the 5th year of the prediction year, the battery decommissioning amount needs to consider both the original battery and the second assembled batteries. When the vehicle is scrapped, all original batteries and second assembled batteries must be decommissioned.
The calculation method for the decommissioning amount of the new energy commercial vehicle traction battery over the years is as shown in Eq.4: 
Prediction of Decommissioning Amount of Passenger Vehicle Traction Battery
Based on the assumptions of this paper, the new energy passenger car will have 15% of the original battery decommissioned and be assembled with new batteries within the service life (12 years) when the passenger car is used until the fifth year. Until the battery warranty period reaches the 6th year, the remaining 85% of the original battery will be decommissioned. Starting from the 6th year of the prediction year, the battery decommissioning amount needs to consider both the original battery and the second assembled battery. When the vehicle is scrapped, all original batteries and second assembled batteries must be decommissioned.
The calculation method for the decommissioning of traction battery for new energy passenger vehicles over the years is as shown in Eq.5: Based on Eq.5, the decommissioning amount of the traction battery battery assembled by the new energy passenger vehicle in the calendar year 2013-2020 can be calculated. The prediction result is shown in Figure 3 .
Prediction of the Decommissioning Amount of New Energy Vehicle Traction Battery over the Years
Based on the predicted value of the decommissioning capacity of the traction battery for new energy commercial vehicles and new energy passenger vehicles over the years, the sum of the two can be used to derive the decommissioning capacity of the traction battery in 2013-2020, as shown in Figure 4 . By 2020, the accumulated decommissioning amount of China's traction batteries will reach 200,700 tons, 24.62 GWh. Due to different performance, life, and metal elements, the commercial value of lithium iron phosphate traction battery and ternary traction battery recycling has always been a hot topic in the industry, but their share in the waste traction battery market is unknown in the industry. In order to allow the industry to have a clear picture on the situation of decommissioning, the paper counts the decommissioning amount of lithium iron phosphate traction battery and ternary traction battery based on the predicted traction battery decommissioning amount. Until 2020, the lithium iron phosphate traction battery's accumulated amount of decommissioning will be 169,000 tons, 19.73GWh; the accumulated decommissioning amount of ternary traction batteries will be 19,900 tons, 3.24 GWh.
CONCLUSIONS
Based on the actual production data of new energy vehicles and their associated traction batteries, this paper predicts the decommissioning amount of traction batteries from 2013 to 2020. From the predicted results, we will see that China will usher in a large number of traction battery decommissioning from 2020, most of which will be decommissioned from new energy commercial vehicles, mainly lithium iron phosphate traction batteries. In order to alleviate a series of resource and environmental problems brought by traction batteries and to effectively recycle the energy and resources of used traction batteries, the state and industry should prepare response measures before 2020 and improve the traction battery recycling management system, plan the industrial layout related to recycling in advance to promote the healthy and sustainable development of the new energy vehicle industry.
